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Supplementary Table 8: Means and standard deviations (SD) of the true and estimated correction factors

using the ‘Hedges-Olkin’ estimator of the Dudbridge et al. (DHO)[7] and Slope-Hunter (SH) methods over

1000 simulations of 10,000 independent SNPs, conditional on I as a quantitative trait, under the secondary

simulated scenarios (described in Table 11)

Genetic correlation Sc. S1 Sc. S2

Direction Coefficient Method True (SD) Diff. (SD) True (SD) Diff. (SD)

⇢d & ⇢c are in

the same

direction

0.90
DHO

-0.41 (0.01)
0.08 (0.01)

-0.56 (0.01)
0.40 (0.02)

SH 0.00 (0.01) 0.01 (0.01)

0.50
DHO

-0.40 (0.01)
0.05 (0.01)

-0.48 (0.01)
0.23 (0.02)

SH 0.00 (0.01) -0.01 (0.01)

Uncorrelated direct

effects
Zero

DHO
-0.37 (0.01)

0.00 (0.01)
-0.37 (0.01)

0.00 (0.02)

SH -0.01 (0.01) -0.01 (0.01)

⇢d & ⇢c are in

opposite

directions

-0.50
DHO

-0.35 (0.01)
-0.04 (0.01)

-0.26 (0.01)
-0.23 (0.02)

SH -0.01 (0.01) -0.23 (0.34)

-0.90
DHO

-0.34 (0.01)
-0.08 (0.01)

-0.17 (0.01)
-0.43 (0.02)

SH -0.01 (0.01) -0.81 (0.03)

Sc. S3 Sc. S4

Genetic correlation True (SD) Diff. (SD) True (SD) Diff. (SD)

Via common exposure, same

direction*

DHO
-0.50 (0.01)

0.27 (0.01)
-0.65 (0.02)

0.61 (0.02)

SH 0.01 (0.01) 0.55 (0.41)

Via common exposure,

opposite directions†

DHO
-0.24 (0.01)

-0.29 (0.02)
-0.05 (0.02)

-0.69 (0.03)

SH 0 (0.11) -0.93 (0.02)

* Genetic variants affect both traits I and P via the same exposure inducing correlation in the same direction as

the correlation due to the confounding effect.

† Genetic variants affect both traits I and P via the same exposure inducing correlation in the opposite direction

to the correlation due to the confounding effect.

Abbreviations: Sc. = scenario; ⇢d, ⇢c = genetic correlation due to the direct and confounding effects, respectively,

on I and P ; Diff. = mean of differences between correction factors estimated by the corresponding method

(reported in the third column) and the true correction factor; DHO = the ‘Hedges-Olkin’ estimator of the

Dudbridge et al. method [7]; SH = ‘Slope-Hunter’ estimator.
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Supplementary Table 9: Slope-Hunter results under different SNP selection thresholds across 1000 simulations

for associations of 10,000 independent SNPs with an outcome P conditional on a quantitative trait (I)

where effect-sizes are simulated assuming an underlying four-component model such that the SNPs affecting

only I explain equal variation in I as the SNPs affecting both traits (Scenario 2, see Table 3 and Methods)

Type-1 error (%) Mean collider bias
G. cor Method

GI. [G.. GI. True (SD) Diff. (SD)

Unadjusted 6.9 38.2 -0.47 (0.01) —
DHO 5.5 14.7 -0.47 (0.01) 0.23 (0.02)

SH: p < 1e� 5 5.0 5.1 -0.47 (0.01) 0.03 (0.02)
SH: p < 1e� 4 5.0 5.1 -0.47 (0.01) 0.02 (0.01)
SH: p < 1e� 3 5.0 5.0 -0.47 (0.01) 0.02 (0.01)
SH: p < 1e� 2 5.0 5.1 -0.47 (0.01) 0.03 (0.02)

SNP selection and bias

adjustment performed on

the same dataset associ-

ated with I. SH: p < 1e� 1 5.1 6.2 -0.47 (0.01) 0.06 (0.05)

⇢d & ⇢c

are in

the same

direction

(⇢d = 0.5)

SH: p < 1e� 5 5.0 5.0 -0.47 (0.01) 0.00 (0.02)
SH: p < 1e� 4 5.0 5.0 -0.47 (0.01) 0.00 (0.02)
SH: p < 1e� 3 5.0 5.0 -0.47 (0.01) -0.01 (0.02)
SH: p < 1e� 2 5.0 5.0 -0.47 (0.01) -0.01 (0.02)

SNP selection and bias

adjustment performed on

two different datasets as-

sociated with I. SH: p < 1e� 1 5.2 9.1 -0.47 (0.01) -0.16 (0.11)

Unadjusted 5.6 15.1 -0.26 (0.01) —
DHO 5.4 11.5 -0.26 (0.01) -0.24 (0.02)

SH: p < 1e� 5 5.0 5.1 -0.26 (0.01) 0.01 (0.03)
SH: p < 1e� 4 5.0 5.1 -0.26 (0.01) 0.01 (0.03)
SH: p < 1e� 3 5.0 5.1 -0.26 (0.01) 0.01 (0.03)
SH: p < 1e� 2 5.0 5.2 -0.26 (0.01) 0.02 (0.03)

SNP selection and bias

adjustment performed on

the same dataset associ-

ated with I. SH: p < 1e� 1 5.0 5.4 -0.26 (0.01) 0.04 (0.04)

⇢d & ⇢c

are in

different

directions

(⇢d = �0.5)

SH: p < 1e� 5 5.0 5.3 -0.26 (0.01) -0.01 (0.06)
SH: p < 1e� 4 5.0 5.2 -0.26 (0.01) -0.01 (0.04)
SH: p < 1e� 3 5.0 5.1 -0.26 (0.01) -0.01 (0.04)
SH: p < 1e� 2 5.0 5.4 -0.26 (0.01) -0.02 (0.05)

SNP selection and bias

adjustment performed on

two different datasets as-

sociated with I. SH: p < 1e� 1 6.1 25.1 -0.26 (0.01) -0.54 (0.20)

Abbreviations: G. cor = Genetic correlation of SNP effects on I and P ; GI. [G.. = all SNPs not affecting P ;

GI. = all SNPs affecting I but not P ; SD = standard deviation; Diff. = mean of differences between correction

factors estimated by the corresponding method (reported in the third column) and the true correction facto;

⇢d, ⇢c = genetic correlation due to the direct and confounding effects, respectively, on I and P ; DHO = the

‘Hedges-Olkin’ estimator of the Dudbridge et al. method [7]; SH = ‘Slope-Hunter’ estimator.
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Supplementary Table 11: Descriptions of the secondary simulated scenarios where the true effect-sizes simulated for

10, 000 independent SNPs under the hypothesized four-component mixture model (Equations 8a-8d) with different

group sizes.

Sc.
Cluster sizes Explained I’s variation Genetic correlation True

slope⇡GI. ⇡GIP ⇡G.P ⇡G.. R2
GI.

R2
GIP

Direction Coefficient (⇢d)

⇢d & ⇢c are in

the same direction

0.9 -0.41

0.5 -0.39

S1 0.01 0.09 0.01 0.89 0.45 0.05 Uncorrelated direct effects 0 -0.37

⇢d & ⇢c are in

opposite directions

-0.5 -0.35

-0.9 -0.33

⇢d & ⇢c are in

the same direction

0.9 -0.56

0.5 -0.48

S2 0.01 0.09 0.01 0.89 0.25 0.25 Uncorrelated direct effects 0 -0.37

⇢d & ⇢c are in

opposite directions

-0.5 -0.26

-0.9 -0.17

S3 0.05 0.05 0.05 0.85 0.35 0.15
Via common exposure, same direction* -0.50

via common exposure, opposite directions† -0.24

S4 0.05 0.05 0.05 0.85 0.15 0.35
Via common exposure, same direction* -0.65

Via common exposure, opposite directions† -0.05

* Variants affect I and P via the same exposure inducing correlation in the same direction as the correlation due to

collider-bias.

† Variants affect I and P via the same exposure inducing correlation in the opposite direction to the correlation due to

collider-bias.

Abbreviations: Sc. = scenario; ⇡GI. , ⇡GI. , ⇡GI. , ⇡GI. = proportions of the four SNP clusters (see Methods); R2
GI.

, R2
GIP

= proportion of variation in I explained by the GI. and GIP clusters respectively; ⇢d, ⇢c = genetic correlation due to the

direct effects on I and P and collider-bias effects, respectively; True slope = true correction factor required for adjusting

the collider bias.
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